We report a prospective study, using multivariate analysis, of the factors which influence the range of movement after total knee arthroplasty in 74 patients with 83 arthroplasties at a mean follow-up of 23.6 months (12 to 41). All the patients had a diagnosis of osteoarthritis, a severely disabled knee with a Knee Society system score of less than 60, varus deformity, no previous surgery to the knee, identical prostheses implanted with a similar surgical technique, and no postoperative complications which may have affected the range of movement.
After total knee arthroplasty (TKA) at least 90° of knee flexion is necessary for the activities of daily living. 1 There have been few prospective studies on the preoperative factors which may influence the range of movement obtained. Our aim was to evaluate these factors.
PATIENTS AND METHODS
Between January 1992 and December 1994 we performed 197 consecutive primary TKAs. For this study we selected patients with a preoperative diagnosis of osteoarthritis, a severely disabled knee with a Knee Society system score 2 of less than 60, varus deformity, and no previous knee surgery. All patients had an identical design of prosthesis (Orthomet Plus; Wright Medical Technology Inc, Arlington, Tennessee), which is a posterior-cruciate-retained total condylar implant. Similar surgical techniques were used, with uncemented fixation, no patellar resurfacing, no correction of the collateral ligaments or of the extensor mechanism, and a minimum follow-up of one year. There were no surgical revisions and no postoperative complications which may have influenced the range of movement of the knee.
The relative weight of each patient was defined by desirable weight tables. 3 A body-mass index (BMI) 4 was calculated and obesity defined as an index of more than 28. The patients were grouped according to Insall et al 2 as: type A, unilateral with the other knee normal or with a successful replacement; type B, unilateral with the other knee symptomatic; and type C, with multiple joint involvement or medical infirmity. The Knee Society clinical rating system 2 was used to give a functional evaluation. The function of the patellofemoral joint was assessed by a clinical score. 3 The range of movement of the knee was measured with a goniometer. 5 There were 83 knees in 74 patients, 59 in women and 24 in men. The mean follow-up after operation was 23.6 months (12 to 41) (Table I) . Unilateral arthroplasties were performed in 65 patients (27 right and 38 left) and bilateral procedures in 9. The relative weight from tables was normal in 28 cases (34%), mildly obese in 44 (53%), moderate in 8 (9%) and severe in 3 (4%). According to the BMI, 63 patients (76%) were obese. The patient category was Insall type A in 21 (25%), type B in 60 (72%) and type C in 2 (3%). All patients were examined clinically and radiologically before the operation and at 3, 6, and 12 months and annually thereafter. They had standard physiotherapy before and after operation which included continuous passive motion exercise from six hours after surgery and active exercises after 48 hours. Statistical analysis. We carried out statistical analysis using the SPSS software package. Categorical variables were analysed by the chi-squared test or Fisher's exact test where appropriate. For comparisons between paired groups we used the Student's t-test and the Wilcoxon test, between unpaired groups the Student's t-test and the Mann-Whitney U test, and between more than two independent groups the analysis of variance and the Kruskal-Wallis H-test. Correlation between continuous data was tested with the Pearson and Spearman coefficients. To determine the interactions of the other variables with a satisfactory outcome of flexion to 90° or more and extension to 0° we used multiple logistic regression analysis. A p value of less than 0.05 was considered significant. Table II gives the preoperative findings. Patellofemoral function was graded as 0 in two knees, I in six and II in 75 (90%).
RESULTS
The range of flexion before operation was significantly greater in men than in women (p = 0.038). There was a significant correlation between the preoperative flexion, the relative weight (r = 0.24, p = 0.028) and the BMI (r = 0.24, p = 0.030). There was also a significant relationship between preoperative flexion contracture, the relative weight (r = 0.21, p = 0.050) and the BMI (r = 0.22, p = 0.042), but not gender (p = 0.81). Both preoperative flexion (r = 0.22, p = 0.038) and flexion contracture (r = -0.66, p < 0.001) were significantly associated with the preoperative knee score, but not with the functional score (p = 0.77 and 0.059, respectively) or patellofemoral function (p = 0.26 and 0.90). Table III gives the findings at the time of the latest follow-up. After operation the femorotibial angle was between 6° of varus and 15° of valgus. preoperative flexion (p = 0.30). Using logistic regression analysis we found that only the BMI (r = -0.30, p = -0.030) and the preoperative flexion (r = -0.42, p = 0.020) had a significant effect on the final range of flexion. Table IV gives the changes in postoperative movement with time. There was a significant difference for both flexion (p = 0.0016) and flexion contracture (p < 0.001) at the time of the latest follow-up compared with before operation. There was a significant increase in flexion and a decrease in flexion contracture at each successive review up to 12 months but not between then and two years, or more.
The range of movement at the latest follow-up compared with that before operation is shown in Table V . There was a significant increase in flexion and decrease in flexion contracture in both knees which had had a preoperative flexion of less than 90° and in those of more than 90°( p < 0.001).
DISCUSSION
The mean preoperative range of movement was 84.6° with flexion of 93.4° and a flexion contracture of 8.8°. At the latest follow-up these were 99°, 99.6° and 0.6°, results which are similar to those reported in other studies. [6] [7] [8] We found significant increases in flexion and decreases in flexion contracture at each successive postoperative review up to 12 months. This has been shown in other studies with longer follow-up. Rorabeck et al 7 concluded that studies of factors influencing the range of movement should not require follow-up for more than one year.
In our patients, all of whom had osteoarthritis, we have found an increase in flexion and a decrease in flexion contracture both in the first postoperative year and at the latest follow-up. Several authors [11] [12] [13] have reported no differences in postoperative movement between rheumatoid and osteoarthritic knees, while others 5,14 described worse results in osteoarthritis with a range of flexion at one year worse than before the operation.
In our patients those with poor flexion before operation improved more than those with better movement, as has been observed by others. 11, 12, 15 Yoshino et al 13 noted that knees with a good range of movement before operation had a similar range of movement after this, and vice versa, whereas Harvey et al 5 observed that less mobile knees gained movement, but the more mobile lost mobility. Ritter and Stringer 14 found that patients with preoperative flexion of less than 75° had little improvement at one year. We found that the degree of flexion contracture did not influence that found after, but stiffer knees gained more movement than lax joints. Aglietti et al 16 in a study of 20 stiff knees found a significant decrease in flexion contracture from 28° to 7°, and increase in flexion from 60° to 85° at seven years, and Mullen 17 in 13 ankylosed knees noted a decrease in flexion contracture from 16° to zero and in flexion from 48° to 103°. Some believe that the final extension does not differ significantly from that obtained at operation and that improvement should be gained at the time of surgery by soft-tissue release or increased bone resection. We found that flexion contracture continued to decrease up to one year after operation, and Tanzer and Miller 18 reported similar results. Schurman et al 11 noted that the knee extension improved for up to one year but that significant gain had occurred between the time of operation and discharge from hospital. All their patients, however, had to attain a minimum of 75° of flexion before discharge. We have found no difference between monoarticular and biarticular arthritis. 11 We agree with Ritter that the most influential factor for good postoperative flexion was intense physiotherapy while Nielsen, Rechnagel and Nielsen 22 found no help from the use of continuous passive motion. We found that the body-weight of the patient had a significant influence on both the preoperative and the final flexion, but Stern 3 noted no influence of the body-weight on the functional results after TKA.
Conclusions. The preoperative range of movement and the body-weight were the most influential factors determining flexion after operation. There was a continued gain in flexion and loss of flexion contracture up to one year. Patients with the stiffest knees had the greatest improvement in movement.
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